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By JamesC.Ltvengoodand

,, .,. , SUMMARY,., .

DIAMETERSANDLIFTS

JambsV,D.Eppes

:.. .

.:. A Sieries -oftestshasbeenmadewitha CFRenginetodeterminethe
effectofInle+valvecapaot&,inletandexhaustpressure,endvalve
tWingontheVolumetriceffIqiencyatvariousspeeds.Threecombina-
tions.“ofinletandexhaustpressuz%sendsevenvalve+tiingar?%ngements
wereused.Specialcylinderheadstithdifferentsizesofinletvalves
wereprovided.me enginewastestedwiththeinletvaLvesoperatedat
dltferentWCts. . ..,,’:- ,: ,. .:.{ .
‘ Itwas~fo&3.i2&twhentheenginewaa“operatedwtthanyoneofthe

.G=b@atiQnsofinlet.pressure,exhaustpressure,andvelveth.ning,the
vartationofvolumetricefficiencyresmtingfromchsngesininlet-valve
sizeandliftcou+dbeeqress?dasA functionoftheparameter@, de-
finedasfollows:

,,, fl “ pistonspeedX,pistonsrea
=
soundve~ocityX tiet~ve areax averageflowcoefficient,..

providedotherdesignratiosandoperatingconditionswerekeptoonstant.
Theaverageflowcoefficientwasdetermined“fromstea@low tests,ofthe
inletvalveendportandfromthedtegramofvalveopeningaga=t crdnk
angle.Theinlet-valveereawastakenastheareaofa circlethe”di-”
meterofwhichwasequaltotheminimundiameterofaodtactbe%wae~
valveandseat.Soundveloci~wascoqutedforairatinlet-mixtmre
temperature. .,

,.
Closing theinletvalvelateresultedinimprovedvolumetriceffic-

iencywhentheenginewas“o@ratedat’highvaluesof @ endreduced
volumemtcefftoiepcyatlowvsluesofthispq~ter.

,, .. .. ..
.,
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Increasingthesmount,ofvalveoverlap,jmprovedthevolumetriceffi-

ciencywhentheenginewasoperatedwithe~ust ‘esswe z 1● This
Inletpressure

effectinctieasedwithdecreasingvqlues of ~.

Variations.ofvoI.umetricefff~iencyresultingfromchangeq,ininlet
andexhaustpressurewerefcmn.dtobefunctionsofmorethaninletand
exhaustpresame.

,... . . . .. . .. .
INTRODUCTION

Inreference1 thevariehlesthataffectthevolumetricefficiency
ofaninternal.~onibuetionenginewereclassified,IntatwocategoriesC

,....., ,
1-.~ere%~ conditi~~jSUChELS.re~ol~tixper.mfriutiZ met ~d

exhaustpressures,operatingtempera@res,and,soforth.
,.

2.Designfactors,includingdestgn.ofcyllr.tder,valves,inletand
exhaustmanifolds,valvetiming,andsoforth.

Theinvestigationreportedinrefereme1 showedthatforthepar-
tiow~ Met andexhaustpresmres,valvetiming,andtemperatures~edj
theeffectofinlet-valvediemeter,lift,snddesignonthevolumetric
efficiencyof an engineoperatedovera speedrangecouldbesmmedupin
thefollowingexpression:

e =f(f$)

,ThefactorC@v wasdeterminedfromete@y+flowtestsandtheW1.e+
valve‘liftagainstcrank+ngle relationships.Themethodofdeterminatim
isdescribedinreference1 andIsreproducedinappendixA forconvenier’ne.

Whiletheinvestigatlonofreferenoe1 showedgoodcorrelationof
“resuliswithtitherangeofvariablescovered,itseemeddesirabletnex-
tendtherange ofrevolutlcmsperminutetoverylowve.lueeandtoin-
vestigatetieeffe~tiofMet and.e*ust pressuresandofvqlvetiming
uponthecorrelation. .... . . .,.

TheobJectsofthetestsreportedherewithwere:

1,.Totesttheva3id5.@of&e conclusionsofreference1 atinlet
pressuresemdexhaustpressuresot@r than.thoseused,$nthatwork,

~ThesymbolsW@ deftittionsoftermsusedinthisreportappe~in
appendixB.



.

NACATNNO.1366 3

2.Toinvestigatetheposstbil.i~ofcorrelatingtherelationships
betweenvolumetricefficiemzyandinletande-ust pressures.

3.Todeterminethe
crenkangleat’whichthe

4.Todeterminethe
vqlveoverlap.

Thetestsweremade

ei%otonVolumetric
$tietval~eol&ed.

effectonvolumetrfo
,.,.

efficiencyofchangingthe’

efficiencyofchanging

attheSloanLab”oratoriesoftheMassachusetts
InstituteofTeohnoJ.ogyunderthesponsorshipandwiththefinaneial
assi.s~>eoftheNatlonatAdviEowCommitteeforA&?onautice.

,,,
Engine

. .

A CFRsingl~ylinderengineofj.2>inchboreand4.>inclzstroke
wasused.Thisenginewasthesameasthatdescribedinreference1
exceptthata specielcylindsrwaeusedwhichdidnotrequiretheuseof
analumintm spacerbetweencylinderandcylinder‘head.Thisenginewas
conneotedtoanelectriccradle-meter, ,@esetupbeingconventional
exceptasnotedinthefollowingdiscussion,

InletSystem
. .

AirsuppliedtotheenginewastakenfromtheIaboratbryconqmessed
airlineandpassedsuccessivelythrougha sharp~dgebrificdinstelled
ina piyeinaccordancewiththespecificationsofreference2,a pu3.sa–
tiondamperconsistingoftwo2C-ge.llontanksconnectedinseriesthrough
a restriction,a fhrottievalveforcontrollinginletpressure,a heated
vaporizingtank,anda large,shortintakepipeleadipgtatheengine.

same
The,fuel,exhaust,cooling,andlubricationssystemsremainedthe
asdescribedinreference1.

.
..
:.. Cemilhafts

Thecanshaftawereof the”seine,general”designastheoneusedin
reference1~.Cneofthese,Caqshaft2 infigure1,wasWe camshaft.
usedinreference1. T$erematiingstxcam&haftsshorn.infigure1 had
differentWnizigs.Whena givencamhada longerorshorterduration
thantheGemsofShaft2,itsprofile“wasdevelopedbyexpandingor
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contractingeachangularincrementofwe curveofllftagainstcamangle,
accordingtmthetotaldurationofvalvecrpeningrequired.Notethat
thereisoneseriesofthreecamshaftswith600overlapandvaridblein-
letclosingangle,anotherserieswithsubstantiallynooverlapandvari-
ableinl.et-closi* angle,
closesat600A:B.C?.,and
overlapsof90°,600,and
cases,andvalveliftwas
explainedinreference1.

Thevtilvasusedmre

anda thfrdderiesinwhichtheinletvalve
theexhaustvalveopensat600B.B.C.,but with
6°.~ actticamliftwasconstanth all
variedbymeansofrocker-arwiadjustmentas

valves

thelarge(~ = 1.05in.)andsmall

.

(~ = 0.830l.n.) itiet-valves ofthegeometricallysimilarseriesin
reference1. TheefiauetvalvewasstandardCFRe~ust valve,whichis
largerthanthelargeinletvalve.Thetwoinletvalveshadidentical
flowcoefficientsata given lif &dlamet%rratto.Themethodofdotermlntng
thesesteady+lowcoefficientsisdescribedinappendixA.

Measur@gInstruments

Allmeasurementsweremadeinthemannerdescribedinreference1 ‘
exceptthattorquewasmeasuredbya hydraulicallybalancedpistonand s
mercurymanometer,Ineteadofbybeamscales,andairwasmeasuredbya
sharp-edgeorificeinstalledina pipeinsteadoflonanairbox.
dropacrosstheorificewasmeasuredwithanNACAmicromanometer
withdistilledwater.

Indicatedhcrse~owerwascalculatedfrom~n~$catordiagrams
theM.1.T.balanced-diaphragmhigh-speedindicator.

Theaircapacityofthe_enginewascarefully
range from 500to3600rpm,withtheexceptionof

measuredovera
testsmadewith

Pressure
filled -

madewith

speed
cam-

shaftsk,5,and,6,whichtirerunonlyt&3200rpmbecauseofexhati&t-
VSJ.Ve Jumping resulting fromtheshort-exhaust d&ationofthesecams.
Fuel-airrattowasheldconstant,andsparkadvancewasad$ustedtobest
powerforeachcondition. Thefollowingtableshowswhicher@necon-
ditionswereheldconstantandwhichwerevaried,andthespecificvalues
o??rangeofvaluesareindicated.

.

.
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Enginequantitiesthatwereheldconstsnb:

Inle+mitiure@mperature,% . . .
Fuel-airratio. . . . . . . . .“..
Oiltemjer~turey,~ . . . . . . . .
Jacketewate~ut16t&mperature,~
Tnl.et-valverunningclearance,in .
Exhaus&valverunningclesrance,in
Compressionratto. . .,. . . . . .

. ..4.* .* ..** ● **.. 120

.“....4 . ...0- .... . .0.078

. . . . . . . .: .’... .,.* ● 160
.,

. . “-. . . . . . . . . . . . ..*= 180.,
● **..., .* *.*. ... 0.010
● ,. .*. .. ***. **. .0.010
. . . .. . .* .*.. . ...* 4.9

.
Engine@aqzjtitiesthatwerevaried: .

En@nespeed,rpm...... . . . . . . . . . . . . . . . .700ti3&Io
Met-valveandlower-inle~ortdi.ambter,in .. . . . .1.050and0.830
~et~velift,i.n .. . ... ... . . . . . . . . .. 0.262and0.208
~etyressure,in.Hga%s. . . . . . . . . . . . . . . . .,30and40
E@austpressure,,in.Hgabs . . . . . . ... . . . . . 30,20,and10
SpWkadvanca. . . . . . . .,’. ’.. .,. ~ways. ~ways bestpo~r
Inlet-and.exhauet-vaJvetiming. i‘.; . . . .“.. .~&e timingdiagr~

infig.1.

,,
TESTS ..

,, ..- .,. , . . . . .,,. .
. ,,

Witheachofthesevericamshafte”shownInfi~e l’;a seriesoflnfie
runswas~de. Thisseriescbnsietedofthreerunstitheachofthefol-
lowingarrangementsofinlet-valvediameter””endlift:

Dv .

‘U ‘... .... .
-,

l.c~ .
1.05

...... .830 ,, .,

With&ch diameter-llft-camcombination,~uns
eachovera s~eedrangeweremadewi~ eachof“the
exhausl+rgsmrecombinations:

Pi .,’

,,

“ii:.) ; -
0.262.
.20 t’’”’””
.2C8 ,,

ofeightor,n@epoitits
fo~owtng.itiet-and

.

bis~
,L

(in. IIg,,
● abs.).. — .,.

30, . .. .
40

,30 “ ‘.
.,,,...

40
20 ““’ “., ‘lo””.’
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Dataobtained.wi~ Camshaft1 are‘presentedIntable1;whichlists~
thespeed,”airflow,volumetriceffi&enay,bralceandindicatedhorse-
power,and @ for.the.tes~. Thevarious’graphsdiscussedinthissec-
tionare.derived.from.tiisdataandsimilardataobtainedwiththeother
camshafts.“

,. . . .

Figures2 to22
andezbms~ressure
of ~, where

.,,

overa widerange.of
ob%alned%y changing

.’
.. . .

showthatfor&y p’brti~cularvalvethi~ andi@.e&
combtnatlon,volumetricefficIencye isa function

.,,,. .

. .

%.lU+of W$s’.pammeter. This
andVd.Vel~t. BothsJr)v), . . . .,

-,

,,,

,,

,,-

rangeofvalueswas
Dv andvalvelift

affect‘Cav.

Overa large rangeofoha~e@ valvethingandinletandexhaust
pressure,thevolmetiicefficiendy”“remainsa functicnoftheparameter
@, althougha differentfumo%ionforeaohtimingandpressurecombina-
tion:Oneunderlyingreasonforthesecorrelationswouldseemtobethat
theinletvalvesusedforthesetestshavesubstantiallysimilarcurves
offlow coefficientagainstcrank&ngl.e“(fig.23).Thesecurvesbelne
Wmilar,theratiooftheaverageflowcc&ficientCav (proportionalto
theareaundereachourveoffig.23)totheflowooeffictentata given
liftcl is constantatanyparticularm?ankangle., Itshouldbepointed
outthatiftheenginehadbeenoperatedwithinlet-valveliftswhichre-
sultedingreatlydissimilarcuinrssof CZ againstcrankan@e,the
correlationsinf@res 2 to22mighthavebeenlesssuccessful.

Figures24to30utilizethecurveswhichweredrawnthroughthe
pointsoffigurqs2 to,Q2. Eachfiguredemonstratestheeffecton
volmetrlcefficiencyofchanginginletandexhaustpressureswi&ha
particularvalve-t- arrangement.Aninterestingfeatureof these
curves istherisein volumetric effIcienoyatlowvaluesof @. This
riseisespecial=noticeableInthecasesoffigures24,25,26,and
30,whichwereobtainedwithconsiderablevalveoverlap.

,
Whenthereishigh4.4etpressureandlowexhau-$tpressure,scam

ofthefreshcharge1sblow throughthecyUnderandouttheexhaust
port.Presumably,theqmountblownthrou@perunittimeissubstantially

.

independentofen@nespeed.Therefore,tftheenginewererunatextremely
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low speed,thegmti~
overlapyeriodwouldbe
me&icefficiencywould

7

‘..,..

ofdargepaspingthrough%hecylinder during tbe
a large portion ofthetotal.flow,andthevolu-
approachinfini~whenthespeedreachedzero,

Someriseinvolumetriceffloiencyatlowspeedisnotedevenfor
operationwith.inletpressureequaltoexhaustpresswe.This riseis
probablyduetothee$ectoreffectoftheexhaustgases.Thetiertia.of
thers$idly movinge~uet gasattheendofblow-dmmmeycausea lm’
pressureoftheresidusJ.exhaust~asanda consequentinfluxoffresh
chergeduringtheoverlapperiod.Scohanimprovementinscavengingwill
resultinincreasedvol@etricefficiency,-d.theimprovementwouldi&
creasewithdecreasingspeed,as$ndicatedby theourvesInquesticm.A
smel~amountofexhaustbaokpressurewcmd.dovercomethiseffect,and
vohmet@cefficiencywouldthenremainconstantatlowspeedorevende-
creaseifthebackpressurewerelargeenoughtoprodvcereverseflow ‘
duringtheoverlapperiod.Thfsseneitivimtoinletandexhaustpres-
suresatlowepeedswhen pe/pZ= 1 wassoprouounoedinthecaseof

Ceushaft7 {90°overlap)thatitwas!hnyossibletocontiolthepressures
withsufficientaocmracytopermitprec@evolumetric-efficiencymeasure-
mentsbelow $ = 0.45.Consequently,theresulteofsuchmeasurementsare
no~;?l?~te$..,

In”an attemptto.obtaina theoret@il.,explanatj.onfortheeffectsof
inX6t“&de~tit ’pressuz%sohvoltietrioefficiency,thefolhw~ simple
analysis,s~ested,byProfessorE.S,Teylor, wasused: ,.

A ‘square”pumpingloopforanidealaircyoleisassumedasshown
inf~gure31.A thermodynamicltsystemlliEchosenwhichconsistsofell
thechangetlm.twilleventuallybefolandinthe‘oylinderatthestart
ofcompression.As theinitial.condition$theendoftheexhauststroke
isohosen.Theexhaustvalveisassumedtobeolo~edatthispoint,and
thepressureinthecylinderisassumedtobeexhaustpressure.~ end
ofthesu+tionstrokeis,,tikenasthefinaloonditionandtheinletvalve
isassmedtobeclosedatthispoint.Ifitisassumedthatthepressure
inthecylinderduringtheentirepistonstrokeisequeltotheinletpres-
sure,the<fi@,lawoftherm@jm~csforthe,inletprooesschnbewritten
asfollow; : b

,, .. ...
,.,{. . . . ;. ,... ,.
. . . .
‘‘J(

5
+ Mi)EL-~Er”-”J&fiEi= piVi-..”..: ,..$., ... ... ., .~:.k’-% ~(1~

. .,, .”” ..-..

‘ .Accordingto‘therelations
*

,, ..- ..

,.. .
“

.,. ;..- . . . . . ..
:,

.. ”,,.’
●... .,.

for a $erfectgas, ‘ “ .b~:,, ~
.

.i ,.. ..
,,.::RT . :J;,.:.. ,,- - .,. \ ,-: . . “’ .

pQ n
,,.’ .... .
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Sinoe.R.=-Jm(Cp-CT) aidE = C.vT,,,.. . . . . .
... . . . .. ‘. pv,JM13.—.. .. .. k-i””.... . ,,.. ..-. .,.,.. .,.

If tbi.s ydue iesti%stitutadineqiation(1),thefollowingresultIS
obtained:

end

. . . .
.,. . .. . .. .. .

()
.“; ”’” “,”’”. :

v=
‘Pfv~_P~ * -~

= Pt~i
k- 1 “k’-l”.k-l -;3(:1-:).

,,,. ... .. ,.. .
,, ,. ,,.

()

. . .
,“vi., ~ -1

P+~

Theratioof,~evolmeoffreshairatinletconditionVi tothe,.. .
,,

_~displacetientvolumb,VI .. of&e’~ylinder1scalledvolumetriceffi-
ciency. r .-.

T%& . : ,, () Pe”

z. - l—,. .’.
,, ‘ideal- 1 ‘-k(r-1)

whereb~ded_is*e .volun+e&lqefficiencyfort$e
,.

willbenotedthatthisexpresei~makesnoattempt
effects.ofvalveover~ap.

r

idedatroyole.It
toaccountforthe

,
#

The foregoing and,ysis my be ccmparedwiththatgivenonpages
23%37 ofre~erence3. (*e aso equation(52)~ww 2M,reference3.)
ItwQ1 beobservedthatthepresentanalysisinvolvessimplerassmnptions ,
andgivesa“simplerre”sylt,,Zf 1.5>pe/p~> 0.5,theforegoingequation
givessubstantiallythesameresultasequation (52) in reference 3. If
1.5< Pe/Pi< 005?theeq~tiongivesa aUgh-Uysmallercorrectionthan .

equatton(52)reference3.

A cluantitwcalledtheadjustedvoLumtiicefficiency$Bobtained~y . “
dlvidtngtheactual.volumetriceffIclencyobtainedfroma testby the
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.,. ,
correspondingidedlvolume’taicefficiency;thatis,ad$zstedvoliinbtric..”’
eff$cie~y= ~/e&de~.P’lgures32to38show.the,res~tofappwi~ “
this.proced~etothecurvesoffigures 2k to30. Me c~vesfor &pera-
th with‘$ril.et:pressureeq~.l”toex&uzst”-pressureareUnChaJ@Ysince

M“l;‘buttheordinatesofthecurvesforoperationwiti%luesof‘ide4.
Pe/l?i”~L W6 @crpa&ed.,

..
Xnthecaiesinwhichtherews novalveover.-

lap(figs..~~”h 3?),thisco~ection& morestlcceesfulatlowspeeds”
-at blghspe.ads.Athighspeeds,‘thecurvesareoverco~ected;‘This
overcorrection,OCCWSbec@useat:h@,valuesof”# theactualp~pi,~”,

loopdepartssevious~fromthes4uare’-bop,asswdinthe*sis. .... -...
Figures32,33,34,and38showresultsofoperati&tithm?&ve!over-

lap. inthesecases,adjustedvolumetricefficiencygivesa fairlygood
correctionathighvaluesof # because.theeffectofscaven@ngofthe
clearancespaceduringtheoverlap‘periodApproximatelyoffee%s‘&eeffect
ofthedep~tureofthepumpingloopfrom ‘&e squareform. me success of
the”correction.ap~ears$.-.thensforeyto,befortuitous.At410wvaluesof @
the~um@ng.loop.ismo~enesrlysquare,btit,,the,effectof ’scayen@~ d~q
the’overlap periodismuchlamger. ,,~yocomqctton”isthereforetoosmall,.:

., ,.,
Figures39andhOsh6wthe‘effectofvaryingtheinl.#&%alveCIOS*

angleonthevol~lmicefficioqcyoft$eengine.Curves-e drawnfar
threevaluesof ,$$.-~ wellasforthree‘inle&andesdums~es@re
combinations. Atlowvaluesof @ (lowgas’velocitie~)$lateinle~ve
closingreducesvolumetricefficiencybecausepartofthefreshchargeis r
pushedbackintotheinletportby ~ risingpiston.Athighvaluesof
~, however,volumetitoef’ficiencyisimprovedbylatein@tqlosingbe-
causethe~essureinthecyltnder~remainslowerthanpi .,forq con-
siderabletimeafter.bottomdea~center.Thisloweredcylinderpressure
IS“duetothehtghpressuredropacross,thewet v~ve accompa@ng .
highVtiUOSOf $de These, trendsarenot affected>Y i?iktor.e*~* i
pressuresorbyvalveoverlap.
.. ””,, r . ..-,, ,..

,., Figure41isa pho&raphofa three-&ensfonalmodel,illus&aWng
therelationships‘betweenvolumetricefftgiencyj theparameter#,.,.an?
* cr- angle.,&twhichthein$etvalv?,cl.o~es.ThelZJN?Swhtchatipear
ontheuppersurfaceare contoursofconstantvolumetriceffIdiency.’.
Thlsparticularmodelshowstherelationshipstith pe=’pi= 30’ lndhes
ofmercurya%e~uteforGamsh@tsM-MI6@ Qve@ap. Howeve&,the,,general
characterofthesu??faceisnotch~ed by overlaporinletandex@ust,
pressures, as”’ cbn bededucedfromfigureg3.9aid.40. ~... .-,,..,.,..’ ,.

Figure42shows‘tieikd~catedhorsepowercomputed””fromindicator
diagramsplotte~againstairflowforsl~oomb~tiou OZ pl, @ve s22s
andMft, andvalvetiming.me plottedpohts$.rwlwbres~tsobtainedat
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three:‘&~4&nt.‘“&ee&fore~h ccwibikatlon,nemelf‘500;Eooo,ad eiwr ““-
3200or”3600-. Thegroupofpointsneartheoriginareti for500
W*””‘me~P~ht~.correepon-toth otherspeedswe,notsegregated.

,,:;,’,...,,:--
Figure,”k~’showsthat“&t~“OC)rpn~ indicatedSpec&icah’GbllS~P

tiogisrelatimly.hi$hfor,ellwmshfts,per~psbecawebfhim rela=
tiveheat”10SS6S.“’Atthehi~erspeeds’~6 sp6cific””air’ cons~tion
obtain6d’withCiunskaft7 (90°overlap)ishighinnO~LY~ ~~ces~
andthe-pottitsobtained.tithCemshaft3 areUkemse high.Theincrease&
specIfic,a& tio~~tionwhentheengine’isoperated~th lqrgeoverlap
isprobablyduetolossoffreshohargeduring.* overlapperiod.The
reasonfortheincreaseinspectficaircons-ti~nduringoperationwith
(X@#haw~ f&notclWr. ., .. . .... . -,.,, ..”

,., ,,, , ,. -.
. . . . . ,, ...

,. COK!LUSIONS,- ,... ,.
.,,f.,

,. .,,
AniiivestigationwasmadeattheMassachusetts”Instituteof..!l?echnol~

~th a CFRenginetodetermZnetheeffectof&U.e~vQ ~apaci~jinlet
andexhaustpressure,andvalvetimingonthevolumetriceffIciencyat
variousspeedsi I?esults’fmomtheseWwts Zndim.tedthat:

,,, .

1~Kl?kev&iationofvolumetric,effioiencyresulting’fromchanges‘in’.
Ixi?.et-val;”e~izeandlfltcanbeexpressedasa-functionofwe parametar
@, definedasfollows: ~ .,, ~~

,. . . ,,.

#=
pistdnSpetiX pistonarea . .

soundvelocity.x $nle~ve “areax awiragsflowcoefficie?t.
,.

Thisis~truefor.e.~chofthe21.o.mhInationsof inle+pressure,exhaust
pressure,and”valvetimingwhichwereinvestigated. ,..

. ~~2; The~vWiat30n of volmelmio eff iciemyresulti~fromchangesin
inletandexhaustpressurescanpotbeexpressed.a~.afunckionofemhaust
pressure~p8,),and-inletpressure,pi alone,butdependsalsouponother. .-
wiables’}”‘i~”iud&g$’E&dprob&b~the“-shapeofthectieofvalve
flowcoefficients”againstcrankangle. .. ..

,,

3,C1OS3IW&e ir&etvql&law resulte,d& .@prc&dvolumet&3c
efficiencyathighva$metiofi@ andreducedvolwtrice~fic.iengyat
lowvaluesofthispsrsrntiter.“Thiseffectwasthesamefortiethree
Inle&aqd,:e_&presswe. cmnb@atjons tested,andchanging~e valve
qer~ap.,.didnotalter,th~q~qn~. . ,..,..

.

“
. .. !. ...,,,.,,:, ,,. .,., . .-
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4.Increasingthevalveoverlapresulted.inimprove~volumetriceffi.-
oiencywhentheenginewasoyeratedatvaluesof pe/pi< 1. Theeffect
waemoremarkedatlowvalues of $.

5.Indicatedspecificairccnswnptionwasverynesrlyconstantover
mostoftheupperrangeforallthet&stsexceptthoseh-whichtheengine
wasoperatedwith90°A.B.C.Inlet-valveclosingand600valveoverlap,or
with600inletmalve closing and90° overlap.Fortheseteststheind-
icatedspecificairconsuqtionwassomewhathigher. ,

6.Indicatedsyecificairconmnnptionwashi$hat500rpm
tests,eventhosewithoutoverlap.

,.

inall.

,. . ,,
MassachusettsInstitute’of”Technol.cgy,

Cambridge,Mass.,May4,1945.
,. ,, .,.
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TheFlowCoefffcient..., .’
.,

Thesteady-flowcoeffictentforpoppetvalvesasdefinedherewithhas
beendevelopedtoserveasa basisup’onwhichtocompabevariousvalveand
portcombinations(references4 to7).TheYlmicoefficientieaninverse
measureoftheresistancetoflowthroughthevalveandportata given
Mft. ,..,.-.).,...,“.. .“,

Indetermin~theflowcoefficient,a constant“pressure“dropis
createdacrossthevalveandtherateofmassflowmeasured.Forthelow
pressuredropusuallyused(10in.alcohol),theflowcoefficientisde-
terminedfrom.theequation:

inwhichtheflowcoefficientC~ ata givenliftistheonlyUnknown,

Theflowcoefficientisbaseduponthenominalvalvearea~ DV2.

Changesintheactualareaofthevalveopeningasthevalveislifted
erereflectedIntheflowcoefficient.

Inordertomakepossiblethecomparisonofvalvssofdffferent
dfameter,itisnecessarytoccmparetheflowcoefficientsonthebasis
ofa nondimensional.panmeter,inthiscaseL/Dv.Forvalvesofvarying
diameterbutgeometricallysimilardesign,theflowcoefficient1sthesame
fora givenvalueof L/Dv. Inthesteady%lowtestsmadeforthepresent
reporta seriesofliftswasselectedforeachva,lvmsothattheflowco-
efficientwasdeternd.nedatintervalsof 0.05L/DvfrcmO to0.35.
Figure43showstheapparatusused.

Theselectionofthediameteruponwhichthevalveareaandthe L/Dv
ratioarebasedis optionel.M thiscasetheminimmcontactdiemster
betweenqtiveandseatDv WELS wed, Any other characteristicdimension
couldbeusedinplaceof Ilv,forexample,theoutsidediameterofthe
valve.Whendifferentvalvesarecompared,however,itisnecessarytouse

.

thesamecharacteristicdiameter.

lA@ptedfromreference1. Someofthesymbols,togetherwiththe
referencem.mibers,havebeenchangedtoconformwiththepresentreport.



.

.

NACA

from

m No.1366

Theflowcoefficientof~e vel~ata givenL/Dv
themeasurement

followingcotivenient
airflowthroughthe

.,.:,’.
. .

Ma,,, .,.

and

madewithth~previouslydescribed

13

ie.caloiil.ate~

apparatusby the
formula,developedinreference7 by.equatingthe -
meteringorificetotheairflowthroughthevalve:

,,...,, .:..

., —.

,,
providedP.Z PV9 whichisequivalenttohav”ingAPO<<p..

,, ., ,.
.,

IirtermittentFlow

Thecurveof Cz againstL/Dv calculatedhy themethodjustde-,
scribedisobtainedundersteady-flowconditions.IIQthe”internsl~cmbustion
enginetheflowisintermittent.Theapplicationofsteady-flowresults
tointermittentconditionswasatfirstquestioned(refedence~),butthe
validityofitsusewaslaterestablishedbyWaldron(reference6);Waldronts
tests,however,wererunata speedrangeof130to12C0rpm. Thevalidi~
oftheapplicationofthes&ady-fiowcoefficientstointermittentcondi-
tionaatthehighestcr&nkspeedsusedherehasnotbeenestablished.The
successofthecorrelationofthee~fnetestdati~dicates,however,that
thesteady-flowcoefficientIsveryuseful}whetherornotitisanaccurate
measureofthecoefficientinactualintermittentflow.

The averagetlow
finedas:

TheAverageFlowCcefftcient

coefficientusedinthecorrelationofdataisde-

where(30isthenuniberofcrankdegreesduringwhichthevalveisopen,
and Cl istheflowcoefficientcorrespondingtoa givenlift.
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.,. , ,,. .

Theaverage flow mefficlentwasdetenuinedinthefoll,ow+Jgmanner:,
lTirst,thevd.ve-l~tcurveiiasobtajnedfrc$mthecam‘fi~oflleq.hathe
rocker-aqu.ratio.~om thecwrveofflowcoefficient a@nst lift+~.
diameterratioitwasthenpossibletoplota curveof‘Cl againste

~(fig.23).

Theareaunderthiscurvawasthqnmeasuredwitha planimeter,and
theaverageflowcoefflaient‘Cav wasobtained
thelengthofitheabscissa00 andmultiplying

APPENDIXB

A ama

a velocity ofsoundininletatr

bydividingthisareaby
bya ecalefaotor..

c
av

averageflowcoefficientofinletvalve(SeeappendixA.)

c1 flowcoefficientof inletval.nata givenlift(SeeappendixA.)

co referenoe orificecoeffictentinflowtest(SeeappendixA.)

CP syeci.f ic heatatconstantpressure

Cv ..specifioheatatconstantvolume

‘P

Dv

e

‘ideal.

E

f

J

O.D.ofQiStOn . .

diameterofminirmzncontactbetwenInletvalveandseat

,S:vdp,)
Ma

vohunetiicefficiency—

volmetricefficiencyofidealaircycle

internalener~perunitmass

functionoftirmsinbrackets

mechanicalequivalentofheat

.

“

.

.

.
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Cp— )

r Compr:$::ionratto,,;,-:.-.i”- j,.,.-,,+-!.;.,E-. .... ...?.-,..’:.,.-..; ,...- >.., .,:.?-......._...... .,,... . ..... ““::2:”:.::.,..,:.,.:.,-,-.,-’
R ;.”.~v&s-~’~a~,<~ri~~~.:-.-:’““ . ~’..““: .;:.;;; ‘[:,,,,.,’:”:.~.~j;

.’.’,,: ...,..-,:...
s = 2X.strokeX N, averagepistonsyeed.,. }.,.,,...:.-.. .........., ................... ...,,-- .,. ..:s.,:.:,..!,’,,.......,.... ... ... ..,. .. .. ...””
T

,,. ,
absolutetemperature

...,.,;,<....,....;s..,

.. . ,.- . .v :.~.~ol~~‘.-‘~‘:-:.-*$~>-,..y..,”,=s.~’:.1”1’..L,..;~’-..’~‘~~-~,..’.L?.... .:.”: “:
,+,., ... .‘,.:,.,., r.

. .
. . . ..A. “ . :::;,:;.:.::: . .. . . - .“ -::”,..-. :.? :, : , : -: .:”...”- . . . . - .,.:.’...

‘d cylinderWsplacexnentvolume
,:>., ,-,:,.,. .’ .,. ....’ 1.. ...’..-.‘.----- i

P deneity

e crank angle~deg

90 crankangleduringwhich

Subscripts:

1 beginningofcompression

valveisopen, deg

for$dealaircyole(Seef%. 3Z.)

e exhaustpipebonditione
.

.

flowtest

1 inletpipeconditions

r residualgas i

o referenceorificeinthe
v inletvalveintheflowtestequatione

15
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TABLEI.- RESULTSCT’TESTSFCRCAM3HAFT1

[Xn.1.eiyyplyedt~eter,0,830in.;inlet-velvelift,0.2C8in.; Cav, O.445]

. --. — -.. —pi“=”3Win.Hg;pe= 30in.Eg

500
800
1200
:16c0
2000
24QO
28Qo
3200.
3600

0.oo~l
.00903
ml~:5

.0183
●01!%
.0201

. .0203.
.0215

“0,93’9
.gl.1
.878
.817
.738
.:6JLJ

.512.,
,482

2.37
3.a
5.62
6.75
7.60
?.40
7.17

..6..4o
5.75

z.84

11.09

‘“”~2.89

0.1825
●292
.438
.584
.730
.876
l.oa
1.169,.10n3

pi=’40”in.l!Jg;p “=20”in.lzg
==1

I
. . . . . .

-

3.99
6.50
9.55
12*00
13.32
13.55
13.10
J.2a.30
sl.68

pJ o.C0895
.0135
●01945

1600 .0245
2000

I
.0283

2400 ●0298

1.082
1●020
.981
.926
.856

,. 4.33 0.1827“
.292
.k38
“.584

16.46 .730
.876*751-

.659
,..590

,551

28C0 ,0305,
-3200...;..032.2
36c0 ,0328.,,

1.02J.
. l.usg
1.313”””“

.,
lg.65

.. . . . . . .... . .. >-,
, --””””=”40””iIi.Rg;-pe”=’,”10hi.Eg. PI ,., :....,’ )

. . .. ... . .,

0.00925
●0143
.0200,
.0252

goo
800
1200
1600
.2000
24.00
28Q0
3200
36c0

4*17
6,82
9..90
12.50
13:72
13.80
13.32
,.12.30
12.10

4.ho. o.i825.
.292
.43/3
.gk
.730
.876~

: 1.120
1.081
1.010

1 ●953
.875
.759
..659‘

,0269
.0301

16”=80

1.021-:
.,. 1.169
19.45 1●313

.,. .590...
.563.0335.,

NlmGNALADVISCRYCOMMITTEE
FCRAERONA.3CS
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&m

[Inlf9t-vAlvediameter, 1.05 in.;

I.-Continued

.

,,

0.208in.;Cav,0.3651inlet-valvelift,
,,, . . . . .

mi..=3oin.Hg;pe=30in.”Hg

0.946
“.9,03.,
.89k
.862
.835
.787 ~
.709 ,,
:;:;.....,.

2“.38
3.85
5979
9.42
8.85
9.50
9.57
9.09
8.28

0.00586
.oa393
.0133
,0173., .0207
.0234,
.0246
.ozl~~
.9260

2.84

12,21

16.00

0.1392
.223
,334
,M5
95!57‘
.669
;;@&‘

1.002‘

fjoo
800
lgoo
16c0
2000
2400
2800
3200
36oo

. .

0.009
~,0138
.02005
.0257
.0308
.0343
.0363
:.0376
.?399

‘5Q0
800

“1.090
1.043
1.01.I.
.972
.932
.I?65
.783

‘ .710
..670.

3.91
6.72
9.87
12.90
14.50
15.83
16.09
15.61
15.50

4.24

18.20

23.75

0.1392:
.223 .
●334
.445
●557 ~
.669
:;:

““”1.002

.

1200
16CQ’
2000
2400
2800
3200‘
3600,

pi= 40in,‘S;PeR10~.*‘$__ ‘,...-.,
boo28

t
1.122 4.10 4.35- 0.139%?

.0115 1.070 6.78 .223 ‘

.0205 1.03k 10.26 . ,334
-.0264 .99/3,”’ 13.38 ,445
.0317’ ●959”, 15.05 18.90. *!357
.0351 .8a5 ~6.13 .669’
.0367 .793:, 16;25. ;%. ,
.0379 :.716 15;75.
.0399 ~,670““ 15.62 24:20~ “’ 1.002

500~
800
1200
1600
2000.
2400
2800’
3200
3600

k
NATICI!TMADWSCRYCCM41TTEE

,.,. ,’ FCJ?AERONAUTR!S



NACATNNO.1366 19

TABLE I.-Concluded

[Inlet-valve dismeter, lc~ in,; inlet-valve Mft, 0.262in.;Cav,0.4471

Speed AirflOWI Vol.eff.,
(rPm) (lb/see)\ e bhp ihp “#’

500
800
1200
1600
2000
2400
2800
3200
3600

500
800
1200
16(N
2000
24OO
2800
3200
3600

500
800
1200
16c0
2000
24OO
2800
3200
3600

0.00*6
.oow~
.01295
.0172
●0215
●0248
.0270
,0288
.0300

0.946
.893
.8Ti
.868
.867
.83b
.778
.726
.673

2.37
3.64
5.38
7.20
9.09
10.22
10.78
10.70
9*94

0.00899
.01405
.0204
.0265
.0330
.0382
.0418
●0445
.0462

2.84

12.60

18.25

Pi= 40in. ~; ge = 20in.Hg

1.088
1.M2
1.029
1.002

●999
,963
●go~
●842
●777

3.85
6.40
9.~8
12.80
15.80
17.9?
19.02
19.48
18.80

0.xL42
.1828
.274
i366
.457
,548
.640
.731
.822

4.25

19.70

28.co

——

0.0093
.0142
.0207
.0271
.0337
.0389
.0425
.0450
.G467

0.1142
.1828
.274
.366
●h97
:~:1+

● 731
.822

pi = @ in.%; pe= 10 in. IQ

1.128
1●073
1.043
1.025
1.020
.980
.918
.851
.78P

b.04
6.66
10.25
13.38
16.50
18.48
19.50
19.60
19.10

4.28

19.70

28.60

0.u42
.1328
.274
.366
.457
.548
.640
.731
.822

NATIONALADVISCRYCCMIITIEE
FORAEECNAWtTCS
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CAMI

1,0.30-B.T.c. E.G. 30” A.T.C.
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‘.
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I.C. 3P A,B.C. E.O. 60-B.B.C.

, CAM 4

Lo.~3“ B.T.c. E.C. 3* A.T.C.
~!~

,,
“$”

f’ >
I.C. 33” A.B.C. E.O. 6W B.B.G.

NATIONALADVISORYCOMMITTEE
FORAERONAUTICS

CAM 2

1.0.30° B.T.C. E.C. 30° A.T.C.

f“
w“

\

I.C.& A,B.C. E.O. W B.&C.

CAM 5

I.O. 3° ,B.T.C. E.C. 3° A.T.c.
~1~

I.G.60° A.B.C. E.O. W B.B.C.

CAM”3

I.C. 60” A.B.G E.O. 60” ‘B.B.C.

CAM 6
,,

1.0. 3% B.T.C. E.C.‘ 3- “A.T.C.

I.C. 9@ AB.C. E.O. 6& B.BC.

CAM 7

i. I

LC. 6W A.B.C. E.O. 61Y B.B.C.

Figure 1.-TimingdiagramfortheO~f3haftBused
.

in thetests.
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.

1.4

1.2

Lo

.0

s

.4

.2

0

CAM ;,,

1.0,30-B.T.C. E.G. 30*AT.C.
~~

@( \
I.C.33”A.B.C. E:O. 60” B,B.C.

u —
❑ -’% ~

>

INLET-VALVE INLET-VALVE

o .a30 .208

❑ 1,05 ‘ .262
XMIOl?AIIADVISORYOOlOIITTEE_

I’ORAERONAUTICS

o .2 .4 .6
$

,8 1.0 1.2 I.4

Figure2.-Volumetricefficiencyagainst#. Oamshaft1;pi = 30,
Pa= 30 inchesofmeroury.
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1.4

1.2

1,0

.4

.2

0

.

CAM I
1.0 30” B.T.C. E C, 30” A.T.C,
~~

@( \
I,C. 33” A.B.C. E.O. 60”B,B.0,

*
-h

A-

L\

\

0

INLET-VAWE lNLET-VALVli
DIAM, IN. LIFT IN.

o .830 .20$

A 1.05 .20s

o 1,06 .E6$!

lUTIOIVALADY180XCCWMITTI?E— ‘
~R _MTI08

o .2

rigure 3.-

.4 .6 .8 1.0 1.2

@
14

Volumetriaeffioienoyagainst~. Camshaft1;pi = 40,
pe= 20 inohesofmeroury.
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.

CAM I

L+ .1.0. 3@ B.T.C. E.G. 30” AT.C.
~~

w @( =1

+0
I.C. 33” A.B.C. E.O. 60” B.B.C.

❑

Lo

AA ,

.@

.C

IMET-VALVEINLE7-V\UVE

.4

0 .830 .208

n 1.0s ,28$!

.2 MA2101?ALADVISORYCOMNITTEE—
~oRAXRONAITTICS

o
0 .2 .4 .6 .* 1.0 12

fl
1.4

~igure 4.- Volumetrioefficdenoyagainet9. Oammhaft1;pi = 40,
. pe = 10 inchesof meroury.
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.

.
CAM 2

1.4 .I.o. 30” B.T.C. E.C. 30” A.T.C..
~~

1.2
/

@
‘-l

I .C. 60* A.E !, E.O. SW B.mo.

1.0

A
.8

4
.6

INIJST-VALVE INLET-VALVE

.4

0 .830 .208

❑ 1,06 .I?6$!
.2 IUA&Ol?~ADV\SOR’iC&T&l

FoRiERONAIITICS

o
0 .2 .4 .6 9 “6 I.0 1.2 1.4

.

.

Figure5.-Volumetrioefficiencyagainst@.Oamshaft2;pi = 30,
p= = 30 Inchesofmercury.

.

.
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1.4

[.2

1,C. 60” A.6.O. E.O. 60” B.B.O.

&LO
●
o
z I I I I I I I I I I

.

.

.

TH.8

.6
.

INLET-VALVE INL2T-VALVE

.4

0 .630 .206

0 1.0s .262
.2 I I I [ NATIoNALADVISORY— . —— COMMITTEE_

rORAERONAI.JTICS

o
0 .2 .4 .6

#
.8 I.0 12 1.4

Figure6.-Volumetricefficiencyagainst~. Oamshaft2; pi = 40,
pe = 20 inohesof meroury.



26 “NACATN No.1366

CAM 2

1.4 1.0. 30” B.T,C. E.G. 30” A.T.C...

@

~~

1.2 / \
IG 60” Au. E.0, 60- B.B.C.

1.0
c A

5
❑

~
w

k .8
E

h
a

.Q

I
A,

: -g
~ o

INLET-VALVE INLET-VALVE

.4 DIAM, IN. LIFT, IN.

o .830 .208
A 1.05 .$!06
u 1.0s .l?62

.2 NATIoNALADVISORYCOMMITTEE_
9 B’oRA.ERcNAWICS

.
0

0 .2 .4 .6
#

.8 1.0 1.2 1.4

Figure7.-Volumetricefficiencyagainetfl.Camshaft2;pi = 40,
pe= 10 inohesof mercury.
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.

.

.

.

I I

I
CAM 3

1.4 1.0.30” B.T,C. E.G. 30” AT.C.

TAT

12

c ,Ocw.. .. E.O.60°B.B.C.

LO

.8 n

o
— a \

1% -

.6 0

INLET-VALVE INLET-VALVE

.4
OIAM, IN. LIFT* IN.

o .830 .208

A 1.05 .208

❑ 1.05 .E62

.2 NATIoNALADVISORYCOMMITI’WE
FoRAERcWAUTICS

o
0 .2 .4 .6

# .8
1.0 12 I.4

Figure8.-Volumetricefficiencyagainst$. Camshaft3;pi= 30,
Pe = 30 inchesof mercury.
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I.0

u
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0
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D
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DIAM, IN. LIFT, IN. .

.030 .200

1.05 .Eoe

1.05 .i?62

.0 .2 .4 .6
#

.8

CAM 3

1,0. 30” B,T.C, E.C. 30” A.T.C.
~~

+@ ry ‘-
I.C. W* A.B.C, E.O. 60” B.B.C.\ 11

A

-

0

{

Volumetriceffidencyagalnet$.
Pe= 20Inohesof meroury.

-lhiTIoH&ADVISORYCOMMITTEE
I?oR&ERoNAUTICS -1

Lo 1,2 M

pi= 40,

.

.

9

.



NACA TN No. 1366 29

CAM 3

L4

.

1.2

LG. 90” A.B.C. E.O. 60” B.B.C.

Lo

.8

.6 I
INLET-VALVE INLET-VALVE

DIAM, IN. LIFT, IN. .

0 .e30 .20e .

.4 A 1.05 .208

❑ 1.0s .262

lU!UOhlALADVISORYO@UIWl?EE_.2 FORAEROMAIJTICS

o
0 .2 .4 .6

$
.6 1.0 1.2 I.4

Figure 10.- Volumetriceffioienoyagainst~. Otunehaft3;pi,= 40,
pe = 10 Inchesof meroury.
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I.4

1.2

1.0

.8

.6

.4

CAM 4

1.0, 3“ B.T,C. EC. 3“ A,T.C.
—; ~

,@ -f \
I.C. 33” A.B.C. E.O. 6CF B.B.C.

q

u q *

x.

INLET--VALVE INLET-VALVE

o .830 .20s

u [.05 .$!ef!

.2 NATIONALADVISORYCOMMITTEE—
FoRAERONAUTICS

o
0 .E .4 .6

@
-e 1.0 1.2 1.4

.

.

B’igure11. - Volumetrlcefficiencyagaixisto. Camshaft4; pi= 30,
pe= 30 inohesofmercury.
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